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1. Introduction 
The creation of a gastrointestinal tract anastomosis is a fundamental and important surgical 
procedure. The mean incidence of clinically apparent leakage after gastrointestinal tract 
anastomosis ranges from 2.1% to 14.9%. Although many techniques for successfully 
producing such anastomoses have been described, the goal of these techniques to be 
technically feasible and safe. 
In the 1960s, Steichen and Ravitch introduced stapling instruments. During the subsequent 
years, automatic stapling instruments have continued to be refined, and many automatic 
anastomotic techniques have been applied to gastrointestinal surgery. In addition, various 
instruments and techniques for stapling intestinal anastomoses have been applied to 
colorectal surgery. Functional end-to-end anastomosis (FETEA), stapled end-to-end 
anastomosis (ETEA), and stapled side-to-end anastomosis (STEA) are the most common 
techniques. Moreover, there are two types of stapled ETEA, the single stapling technique 
(SST) and the double stapling technique (DST). 
Although these methods have been shown to be reliable and safe, anastomosis leakage 
remains a major problem. Major leakages affect the long-term quality of life (QOL) of 
patients. In addition, leakage can cause significant morbidity. Studies have reported that the 
frequency of leakage ranges from 2.9 to 23%, and that the shorter the distance from the anal 
verge to the anastomosis the greater the risk of leakage. 
As mentioned above, automatic stapling instruments have been refined over the years, and 
many automatic anastomotic techniques have been applied to colorectal surgery; however, 
the optimal instrument and method remain unclear. Since the mechanical strength of an 
anastomosis is an important factor affecting leakage during the initial postoperative phase, 
experimental evaluation of this factor would be useful for clarifying these issues. 
In this chapter, we examined the pressure required to induce failure (bursting pressure) in 
various kinds of stapled anastomosis and investigated which stapling technique is most 
suitable.  
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2. Materials and methods 
2.1 Materials 
All animal experiments were carried out according to the “Guidelines for Animal 
Experimentation at COVIDIEN, Japan”. Young domestic pigs (10-12 weeks) weighing 30 to 
40 kg were used in this study. After the induction of general anesthesia using intramuscular 
ketamine (15 mg/kg) and intravenous pentobarbital (30 mg/kg), the pig was intubated and 
maintained on mechanical ventilation. An intravenous catheter was then placed in the right 
external jugular vein, and the animal was given approximately 500 ml isotonic intravenous 
fluid. After making a midline incision, segments of the small intestine were isolated and 
transected. All specimens were maintained in warm natural saline and randomly allocated 
to the following anastomotic techniques.  
After the experiments, the animals were sacrificed under anesthesia using intravenous 
potassium chloride. 
2.2 Surgical procedure 
The stapled anastomoses were created using the EndoGIA 60 blue, EndoGIA60 green, GIA 
60 blue, or PCEEA 21 (COVIDIEN, Japan). The characteristics of each device are 
summarized in Table 1. All anastomoses were performed by an expert surgeon. 
 
Instrument Staple Thickness (mm)
EndoGIA blue® 3 lines 1.5
EndoGIA green® 3 lines 2
GIA Blue® 2 lines 1.5
 
Table 1. Comparison of instruments 
2.3 Examination of bursting points and pressure 
A 16-Fr Foley catheter was placed into the lumen of the transected small intestine, and a 
balloon was inflated to close the lumen (Figure 1). The schema was described as Figure 2.  
 
 
Fig. 1. System used in this chapter 
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The balloon catheter was then connected to an infusion pump and a pressure recorder 
(Pressure Sensors PG-100, COPAL ELECTRONICS) via a pressure transducer. Each 
anastomosis was immersed in water, and air was infused into the intestine at a rate of 
30mL/min. The intraluminal pressure was continuously recorded. The bursting pressure 
was defined as the pressure at which air leakage from the anastomosis was initially 
observed (Figure 3). The location of the bursting point was also recorded. 
 
 
Fig. 2. Measurement of Bursting Pressure and Bursting Point 
 
 
Fig. 3. The moment air leakage was seen 
2.4 Statistical analysis 
Discrete variables were analyzed using the Mann-Whitney test, Factorial Analysis of 
Variance (ANOVA), and Scheffe's test. Statistical significance was indicated at P<0.05. All 
statistical computations were carried out using StatView5.0 software. 
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3. Experiment 
3.1 Experiment 1: Comparison of the bursting pressure of anastomoses produced 
using various instruments 
3.1.1 Method 
A segment of the intestine was isolated using the EndoGIA 60 blue, EndoGIA 60 green, or 
GIA 60 blue. Then, the bursting pressures of the staple lines produced using each 
instrument were examined. Three sets of each staple line were examined. 
3.1.2 Result 
The bursting pressure of anastomoses produced using the EndoGIA 60 blue was 
significantly higher than that of those produced using the EndoGIA 60 green or GIA 60 blue 
(Table 2). 
 
Instrument Pressure (mmHG) p
EndoGIA blue® 80.3 S.D. 10.5
EndoGIA green® 37.3 S.D. 4.2 <0.01 VS EndoGIA blue®
GIA blue® 31.7 S.D. 4.5 <0.01 VS EndoGIA blue®  
Table 2. Comparison of bursting pressure of instruments 
3.2 Experiment 2: Comparison of the bursting pressure of buttressed and non-
buttressed cutting sites 
3.2.1 Method 
After isolating the intestine with the EndoGIA 60 blue, the cut end of the staple line was 
buttressed with 3-0 silk serosa-muscular sutures (Figure 4). Then, the bursting pressure of 
each type of anastomosis was measured. 
 
 
Fig. 4. Comparison of buttressed and non-buttressed cutting sites 
3.2.2 Result 
Comparison of the bursting pressures of buttressed and non-buttressed cutting sites 
The bursting pressure of the buttressed group was significantly higher than that of the non-
buttressed group (Table 3). 
 
Groups Pressure (mmHG) p
buttressed 149.6 S.D. 37.6
non-buttressed 75.3 S.D. 25.1
< 0.01
 
Table 3. Comparison of bursting pressure of buttressed 
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3.3 Experiment 3: Comparison of the bursting pressures of the three kinds of the 
anastomosis (FETEA, STEA and ETEA). 
3.3.1 Method 
FETEA was performed using the EndoGIA 60 blue, ETEA was performed using the PCEEA 
circular stapler, and STEA was performed using the PCEEA circular stapler or the EndoGIA 
60 blue. Then, the bursting pressure and points of each anastomosis were examined. Three 
or four sets of each anastomosis were examined. 
3.3.2 Result 
The bursting pressure was not significantly different between the three groups (Table 4). 
FETEA failed at the intersection of the stapled lines or the crotch of the anastomosis or both. 
All stapled ETEA failed along the staple line. All stapled STE anastomoses failed along the 
circular staple line (Figure. 5). 
 
Anastomosis Pressure (mmHG) p
FETEA 28.3 S.D. 6.8
STEA 17.3 S.D. 6.4 N. S. 
ETEA 19.8 S.D. 7.4  
Table 4. Comparison of FETEA, ETEA and ETEA 
 
 
Fig. 5. Bursting points of FETEA, STEA and ETEA 
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3.4 Experiment 4: Comparison of the bursting points and the bursting pressure 
between the SST, DST, and DST with buttressing techniques 
3.4.1 Method 
SST was performed with the PCEEA21, and DST was performed with the EndoGIA 60 blue 
or PCEEA21. In addition, buttressing of the staple line with 3-0 silk sutures was performed 
in combination with DST (DST + buttressing). Then, the bursting pressure and bursting 
points of each anastomosis were measured. 
3.4.2 Result 
The bursting points of the anastomoses are shown in Figure 3a. Eight bursting points were 
located at staple line intersections in the anastomoses created using the PCEEA, while only 
one bursting point was located at a staple line intersection in the anastomoses created using 
the PCEEA and EndoGIA (black circle). Bursting pressure was not significantly different 
between the three groups (Table 5). However, the bursting pressure of the staple line 
intersection (black circle) was much lower than those of the others (Figure 3b). 
 
Anastomosis Pressure (mmHG) p
SST 34.0 S.D. 3.6
DST 30.7 S.D. 14.5 N. S. 
 DST with buttressing 39.3 S.D. 11.9  
Table 5. Comparison of SST, DST, and DST with buttressing 
 
 
Fig. 6a. Bursting Point 
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Fig. 6b. Bursting Pressure 
4. Discussion 
In choosing the best anastomotic technique, surgeons should consider the features and 
limitations of each technique, rather than their experience or preference. Unfortunately, no 
matter how safe stapling instruments have become, they are unlikely to ever become risk-
free. The consequences of these instruments misfiring can be significant. In addition, 
complications can occur even when the instruments function normally. Anastomotic failure 
depends on various parameters, including tissue thickness, collagen content, blood flow, 
improper selection of staple cartridges, ischemia, and tension. 
The most common problem associated with intestinal anastomoses is leakage. The bursting 
pressure of an anastomosis reflects its strength, and higher bursting pressure correlates to a 
stronger anastomosis at less than one week after surgery. Leakage also appears to be closely 
connected with the strength of a freshly completed intestinal anastomosis. Therefore, 
bursting pressure is considered to be the most important factor for assessing the quality of 
an intestinal suture line. 
In experiment 1, the EndoGIA blue produced the strongest anastomoses. The bursting 
pressure of the anastomoses produced using this device was approximately twice as high as 
that of those produced using the EndoGIA green and GIA blue. This suggests that 
anastomotic strength is regulated by the number of staple lines and the relationship between 
the device and tissue thickness. Thus, experiment 2 was performed using the EndoGIA blue. 
Experiment 2 demonstrated that buttressing the cutting site significantly increased the 
strength of the anastomosis. Therefore, buttressing the staple line to strengthen it seems to 
be effective. 
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In experiment 3, the FETEA, STEA and SSTA techniques were compared. The results of the 
present study demonstrate that none of the anastomotic techniques was superior to the 
others as far as bursting pressure was concerned. The bursting point was located along the 
staple line in anastomoses created using the PCEEA and at the intersection of the stapled 
lines or the crotch of the anastomosis in those produced using the EndoGIA, which could 
have caused leakage to occur. In our experiments, when the anastomotic crotch was 
buttressed, the bursting pressure was significantly increased. In particular, in automatic 
anastomoses, the locations where staple lines cross might be weak points.  
In experiment 4, the SST, DST, and DST with buttressing techniques were compared. There 
were no significant differences between these three groups with regard to bursting pressure. 
However, the staple lines created by the PCEEA were weaker than those produced using the 
EndoGIA. This may have been due to the fact that the EndoGIA creates 3 staple lines, in 
contrast to the 2 lines produced by the PCEEA. If a 2-line stapler (e.g. the GIA or TA) is used 
to isolate the intestine, bursting might occur along the staple line. Therefore, 3-line staplers 
(e.g., the EndoGIA) are more useful for isolating the intestine.  
In experiment 4, the bursting points of the anastomoses were also examined. In 8 of 9 
PCEEA cases, the bursting points were located at staple line intersections, and all bursting 
pressure values were above 30mmHg. In contrast, only one bursting point occurred at a 
staple line intersection in the anastomoses created using both the PCEEA and EndoGIA; 
moreover, its bursting pressure was only 14mmHg. While bursting may be a rare event, it 
can cause leakage or infection during the initial postoperative phase because intra-anal 
pressure has been reported to reach 24-73 mmHg. Therefore, the SST technique, which does 
not create staple line intersections, may be the safest method. Although the DST with 
buttressing is sometimes performed, it did not significantly increase the strength of the 
anastomosis. Therefore, this technique may be fairly useless. In this experiment, the 
buttressing of anastomoses produced using the PCEEA was not examined since buttressing 
a PCEEA produced anastomosis is impossible during lower rectal cancer surgery. 
The above stapling techniques have been accepted widely for the treatment of rectal cancer. 
However, complications can occur, and when they do, they reduce the patient's QOL. These 
data are relevant to acute phase conditions and were derived from an animal model so they 
may not completely reflect human clinical data. However, animal experimental evaluations 
are often found to be useful by gastroenterological surgeons. Although many factors 
influence anastomotic healing, our results may help to decrease the incidence of 
postoperative complications after the creation of a gastrointestinal tract anastomosis.  
5. Conclusion 
The EndoGIA blue is the most suitable device for stapling intestinal anastomoses. 
Buttressing the stapling line may increase the strength of the anastomosis. The stapling line 
intersection might be a weak point, especially when the DST technique is used. Although 
our findings relate to acute phase conditions and were derived from a small number of 
anastomoses in an animal model, we believe that gastro-enterological surgeons will find our 
results useful. 
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